Objectives: Hearing aids (HAs) provide the basis for improving audibility and minimizing developmental delays in children with mild to severe hearing loss. Multiple guidelines exist to recommend methods for optimizing amplification in children, but few previous studies have reported HA fitting outcomes for a large group of children. The present study sought to evaluate the proximity of the fitting to prescriptive targets and aided audibility of speech, as well as survey data from pediatric audiologists who provided HAs for the children in the present study. Deviations from prescriptive target were predicted to have a negative impact on aided audibility. In addition, children who were fitted using verification with probe microphone measurements were expected to have smaller deviations from prescriptive targets and greater audibility than cohorts fitted without these measures.
INTRODUCTION
For children with mild to severe hearing loss, hearing aids (HAs) provide audibility of the acoustic cues necessary to support the acquisition of speech and language skills. Guidelines and protocols have been developed to assist clinicians in providing adequate amplification to support speech and language acquisition for children Bagatto et al. 2010; King 2010) and documenting communicative outcomes in children with hearing loss (Bagatto et al. 2011) . Despite the widespread use of HAs and acceptance of the need for effective amplification, few studies have examined the characteristics and adequacy of HA fittings in young children to determine whether these important objectives are being achieved. As a result, many of the specific factors that influence the aided audibility of speech in this population have not been verified. As part of a multicenter effort to examine outcomes in children with hearing loss (Moeller et al. 2011) , the present study sought to examine the characteristics of HA fittings in a large cohort of infants and young children with permanent hearing loss and the factors that contribute to variability in aided audibility in pediatric HA fittings.
Quantifying the adequacy of HA fitting for infants and young children is challenging because measures frequently used in adult amplification, such as speech recognition (e.g., Hornsby et al. 2011 ) and listener ratings of satisfaction or quality of life (e.g., Chisolm et al. 2007) , are not as readily obtainable in young children. Recent fitting guidelines recommend that pediatric audiologists use probe microphone measurements of HA gain and output to estimate the audibility of speech (Bagatto et al. 2010; King 2010) . Prescriptive formulae offer target values for selecting gain based on the long-term average speech spectrum (LTASS) and maximum output based on a sweep of multiple pure tones at a high intensity level near the maximum output of the HA. Methods that have specific prescriptive formulae for children include the Desired Sensation Level v. 5.0a (DSL; Scollie et al. 2005) and National Acoustics Laboratories' nonlinear fitting procedure (NAL-NL1) (Keidser et al. 2011) . Prescriptive approaches for children were developed to provide a consistent and systematic fitting that maximizes the audibility of speech across a wide range of listening environments, without exceeding levels of loudness discomfort. One metric of the adequacy of HA fitting in children is the proximity of the fitting to the practitioner's intended prescriptive approach. Justification for assessing fitting quality using proximity of fit-to-target assumes that prescriptive approaches represent an appropriate and uniform method of pediatric HA fitting.
Recent data reveal that school-age children with HA fittings that approximate either NAL-NL1 or DSL prescriptive approaches achieved high levels of aided speech understanding, audibility, and loudness comfort over a wide range of input levels. For example, Scollie et al. (2010) compared DSL and NAL-NL1 prescriptive approaches for a group of 48 children between 6 and 19 years of age, who were experienced and consistent users of amplification. On average, both prescriptions resulted in consonant recognition scores of 85% in quiet and comparable speech-recognition thresholds in noise for sentences with considerable individual variability in speech recognition across participants. More recently, Bagatto et al. (2011) reported auditory developmental outcomes data for 68 infants and young children who were fit to DSL v.5. Results suggested that children with hearing loss who were fit with amplification using DSL were successful in achieving age-appropriate auditory development milestones. However, degree of hearing loss was a significant predictor of outcomes with greater degrees of hearing loss associated with greater developmental delays. In another investigation, more than 200 children with hearing loss were randomly assigned to either DSL 4.1 or NAL-NL1 prescriptions (Ching et al. 2012) . Results indicated no significant differences between prescriptions on average across language, speech production, and functional auditory skills at 3 years of age. These studies suggest that auditory development outcomes in infants and younger children, as well as speechrecognition outcomes in older children and young adults are generally positive when prescriptive approaches are used to specify amplification.
Although controlled studies have provided evidence that consistently fitting HAs to prescriptive targets can positively influence outcomes, pediatric HA fittings in clinical populations are significantly more variable. The proximity of pediatric HA fittings to prescriptive targets was evaluated by Strauss and van Dijk (2008) for twenty 3-to 6-year-old children with moderate to profound sensorineural hearing loss. Only 25% of the HAs in that study were within ±5 dB of DSL targets at 3 or more frequencies, and the majority of the participants had HA outputs significantly below prescribed targets at 4000 and 6000 Hz. Degree of hearing loss was not a significant predictor of the deviations from target, suggesting that difficulty matching targets was not simply related to the presence of significant hearing loss. Because probe microphone measures were only used for half of the fittings, the authors concluded that the significant deviations from prescriptive targets could have been related to a lack of systematic verification. However, direct comparisons between the accuracy of the fittings that were verified using probe microphone measures and the fittings without verification were not reported, so the contribution of verification method to the deviations from prescriptive target remains unresolved. In addition, the proximity of the fitting to the prescriptive target alone does not directly reflect how much of an average speech signal is audible to a child through his or her HA.
The aided audibility of speech is also an important outcome of HA fitting for children. The audibility of amplified speech is typically quantified using the Aided Audibility Index (AAI; Stelmachowicz et al. 1994) or more recently as the aided Speech Intelligibility Index (SII; American National Standard Institutes [ANSI] S3.5-1997). The SII is a numerical estimate of audibility across the frequency range of speech, and is calculated by estimating the audibility of an average speech signal compared with the listener's hearing thresholds or level of background noise, whichever is greater. The calculation is completed for a discrete number of frequency bands, which are each assigned an importance weight based on the contribution of that frequency band to the average speech-recognition score for a group of adult listeners with normal hearing (NH). The audibility of each band is multiplied by the importance weight for that band. The weighted audibility of all bands is summed to create a number between 0 and 1, which describes the weighted audibility of the LTASS, where a value of 0 indicates that none of the LTASS is audible and 1 represents complete audibility. The SII can be used to compute audibility for aided or unaided speech spectra.
The SII has been used to quantify the relationship between audibility and speech recognition for children with NH (Scollie 2008; Gustafson & Pittman 2011; McCreery & Stelmachowicz 2011) and children with hearing loss (Stelmachowicz et al. 2000; Scollie 2008) . For adults, the SII can be applied to transfer functions to predict speech recognition with relative accuracy (see Amlani et al. 2002 for a review). Transfer functions for speech recognition based on the SII for children with NH vary as a function of age, even when the linguistic context of the stimulus is significantly constrained (Scollie 2008; McCreery & Stelmachowicz 2011) . In general, children need greater audibility as measured by the SII to achieve maximum levels of speech recognition (Stelmachowicz et al. 2000; Scollie 2008) . Despite the limitations of the SII for estimating aided audibility for children, speech-recognition results from children have generally followed the same pattern as that of adults, with speech recognition increasing as audibility increases but with a shallower transfer function slope than what has been reported for adults.
Aided audibility has been shown to predict communicative outcomes in children with hearing loss, including language development and speech understanding. Stiles et al. (2012) reported that children with mild to moderately severe hearing loss with an aided SII less than 0.65 demonstrated greater delays in vocabulary development than children with hearing loss with better aided audibility. Davidson and Skinner (2006) used the aided SII to quantify the audibility of HA fitting and predict speech-recognition outcomes in a group of 26 children and young adults with severe to profound hearing loss between 6 and 16 years of age. Speech-recognition scores were measured using the Lexical Neighborhood Test Kirk et al. (1999) . Although audibility was limited due to the participants' significant hearing losses, individual differences in aided audibility were significant predictors of aided speechrecognition ability for both soft and average speech input levels. More recently, Sininger et al. (2010) reported aided SII data for a cohort of 44 children with mild to profound hearing loss. In all, the investigators found that the SII decreased systematically as degree of hearing loss increased using a 70 dB speech signal. The relationship between aided audibility and outcomes was not examined by Sininger et al. because aided audibility values were highly correlated with degree of hearing loss in that study. Although these findings confirm the relationship between audibility and hearing loss for HAs fit closely to prescriptive targets using a consistent and systematic approach, data from Strauss and van Dijk (2008) illustrate the significant variability in audibility that can occur in young children when fittings deviate significantly from prescriptive target in clinical populations. Thus, an evaluation of the characteristics of HA fittings in children should include metrics of proximity to prescriptive targets and aided audibility, as well as an analysis of the impact that deviations from prescriptive approaches have on aided audibility.
In addition to specifying the characteristics of HA fittings in children, the present study sought to identify factors that contributed to deviations from prescriptive targets and limited audibility. The identification of such factors provides specific guidance for improving the adequacy of HA fitting and maximizing communication and auditory development. The verification method used to fit the HA is 1 potential factor that could influence the accuracy of HA fittings in children. To account for the rapid ear-canal growth and related acoustic changes that occur during early childhood, the ear-canal acoustics of the child must be integrated into the HA fitting and be part of the ongoing process of HA verification (Bagatto et al. 2005) . Individual ear-canal acoustics can be accounted for directly by measuring the output of the HA in the child's ear using a probe microphone measurement system. However, real-ear verification requires multiple measurements to be taken to ensure that speech is audible over a range of input levels and that the maximum output does not exceed estimated discomfort levels. Because of the time and cooperation required, real-ear measurements may not be practical in infants and young children (Bagatto et al. 2005 ). An alternative method involves measuring the real-earto-coupler difference (RECD; Feigin et al. 1989; Sinclair et al. 1996) , which requires a single probe microphone measurement of the child's ear canal with the earmold in place. The ear-canal response is compared with the same sound measured in a 2-cm 3 coupler, and the difference is used to estimate the response of the HA in the child's ear for verification completed in the 2-cm 3 coupler. Age-related average RECD values are available in cases where the response cannot be reliably measured on an individual child (Bagatto et al. 2002) . Despite the common goal of these methods to integrate individual ear-canal acoustics into the HA verification process, variability related to the specific verification approach could influence the consistency of HA fitting in children. In general, individually measured RECD would be predicted to be more accurate than an age-related average RECD for an individual child, resulting in closer approximation to the intended prescriptive targets.
The clinical setting and expertise of the HA service provider from whom the child receives his or her HA could also influence the quality of HA fitting outcome. Clinics that specialize in pediatric assessment and amplification may be more likely to have the equipment and expertise needed to implement pediatric assessment and verification protocols, although the effect of the audiologist's pediatric experience and training on fitting outcomes in children has not been evaluated previously. While some children with hearing loss receive amplification at large centers that specialize in pediatrics, many live in areas where pediatric audiologists are not easily accessible. The previously cited findings from Strauss and van Dijk (2008) suggest that nearly 50% of children in their study received HAs without verification, although the pediatric training and experience of the audiologists who fit the children in that study were not reported. The availability and extent of HA funding and other resources may vary across states and localities, which may impact the quality of HAs available for children. Therefore, the present study sought to evaluate how characteristics of pediatric HA fittings varied across different clinical settings and study sites.
HA fitting outcomes, including proximity to prescriptive target and aided audibility, have the potential to moderate the development of children with hearing loss. The primary goal of the present study was to evaluate the characteristics of HA fittings for a large group of children with mild to severe hearing loss. The aided audibility of the LTASS as measured by the aided SII and the proximity of the fitting to the intended prescriptive target were measured as part of an ongoing longitudinal study, known as the Outcomes for Children with Hearing Loss (OCHL). Factors that may have influenced the proximity to prescriptive target and aided audibility of HA fittings in infants and young children, including age, audiometric configuration, verification method, and clinical setting of the fitting were analyzed. In addition to electroacoustic HA measurements obtained by audiologists at the time of study visits, survey data from the pediatric audiologists who fit the children in the study were used to evaluate the training, expertise, and verification methods. Three research questions were investigated in this group of infants and young children with mild to severe hearing loss:
1. What is the proximity of HA fitting to the intended prescription? 2. How do deviations from prescriptive targets affect aided SII? 3. What patient or provider factors influence the adequacy of HA fittings in this population?
PARTICIPANTS AND METHODS

Participants
Participants included 195 children with hearing loss, recruited as part of the OCHL longitudinal study. Children were recruited from 3 study sites and surrounding areas including 15 U.S. states: University of Iowa, Iowa City, IA (UI; n = 68); University of North Carolina, Chapel Hill, NC (UNC; n = 43); Boys Town National Research Hospital, Omaha, NE (BTNRH; n = 84). Children with pure-tone averages (PTAs) between 25 and 75 dB HL and confirmed sensorineural, mixed, or permanent conductive hearing loss were part of the OCHL cohort. Children with developmental disabilities in addition to hearing loss were not included. To be included in the present analyses, children wore an air conduction HA in at least 1 ear. Seventy additional children who wore HAs with frequency-lowering signal processing were excluded from the present analysis due to current limitations in calculating aided audibility for frequency-lowered signals using a standard method, such as the SII. Children ranged in age from 5 to 85 months (mean = 41.29 months; SD = 20.5). The sample included 98 female and 97 male participants.
Pure-Tone Audiometry
Pediatric audiologists at each test site performed audiometric testing on all children. Air and bone conduction thresholds were obtained for each ear at 500, 1000, 2000, and 4000 Hz using visual reinforcement audiometry, conditioned play audiometry, or conventional audiometry depending on the child's age and developmental factors. Insert earphones (ER-3A) were used for air conduction thresholds, and Radioear BC-71 transducer with a standard or pediatric headband was used for bone conduction thresholds. If testing could not be completed, the child's audiologist provided a copy of the most recent reliable audiogram. The 3-frequency PTAs were 48.49 dB (SD = 16 dB) for the left ear and 48.02 dB (SD = 15 dB) for the right ear.
HA Verification Measures
One pediatric audiologist at each of the 3 test sites completed electroacoustic HA measurements as part of the study protocol in a clinical test room at each study visit. HA quality control measurements included measures of total harmonic distortion, frequency range, and output sound pressure level at 90 dB obtained in a 2-cm 3 coupler in accordance with ANSI S3.22 (2003) . After electroacoustic assessment, the audiologist conducted probe microphone measures to quantify the RECD for verification of speech audibility and maximum output (Bagatto et al. 2005) . When the RECD could not be measured due to limited cooperation or participant noise, an age-related average RECD estimated the acoustic characteristics of the child's occluded ear. HA verification was then completed in the 2-cm 3 coupler. Audioscan Verifit TM software calculated aided and unaided SII for the participants, using the standard male speech signal (carrot passage) presented at 65 dB SPL (average speech) and 50 dB SPL(soft speech), in accordance with ANSI S3.5 (1997) . A swept pure tone at 90 dB SPL measured maximum output. The obtained fitting data were then compared with the prescriptive targets of the DSL 5.0a for each input level, and the deviation from DSL target was calculated by taking the root-mean-square (RMS) of the deviations from target across 4 frequencies (500, 1000, 2000, and 4000 Hz) into a single RMS error value. The RMS or quadratic mean is calculated by taking the square root of the mean of the squared errors across frequency.
HA fitting targets were generated based on the audiogram obtained at the study visit. To evaluate the characteristics of the HA fittings, an RMS error of fit-to-target less than 5 dB was considered to be adequate proximity to DSL prescriptive targets, based on previous studies of HA fittings with adults (Byrne & Cotton 1988; Cox & Alexander 1990; Baumfield & Dillon 2001; Moore et al. 2001) . For the aided SII, values less than 0.65 dB were considered to be less than optimal, based on data from Stiles et al. (2012) and normative SII data from Bagatto et al. (2011) . For the range of hearing losses in the present study, aided SII of 0.65 dB or higher was attainable for most fittings within 5 dB RMS error of DSL v.5 prescriptive targets.
Audiology Service Provider Survey Data
Each child's local audiology service provider was asked to complete a survey that was designed to establish information about the education, experience, and clinical setting where the child's audiology and HA services were provided. Providers who followed multiple children enrolled in the study completed a questionnaire for each child, so that data were available individually for each child in the study. Specific questions were asked regarding the HA fitting and verification methods used for the specific child enrolled in the study as well as the audiologists' comfort level with pediatric assessment and amplification procedures. Service providers were offered a gift card for their time completing the provider survey. A copy of the survey is included in Appendix A, Supplemental Digital Content 1, http://links. lww.com/EANDH/A99. Surveys were returned for 64% of the children. The survey data were analyzed by linking each audiologist's response to the specific child that the audiologist fit from the study. This linkage allowed direct comparison between the fitting outcomes measured at the study visit and the prescriptive approach, verification method, training and experience, and availability of HA verification equipment in their clinical setting.
RESULTS
Descriptive HA Verification Data
Verification and ANSI standard HA measurements were obtained for 195 right HAs and 188 left HAs. All the HAs were behind-the-ear HAs. FM systems were used in conjunction with HAs by 25% of participants (63% reported no FM use; 12% did not report). Children who used FM systems were significantly older (mean age = 51.96 months; SD = 16.3 months) than children who were reported not to use FM (mean age = 36.6 months; SD = 20.2 months) (F [1, 180] = 22.83; p < 0.001; η p 2 = 0.357). At the study visit, RECD measurements were completed on 103 right ears and 98 left ears, and age-related average RECDs were used for 78 right ears and 76 left ears. The ANSI S3.22 (2003) measures of HA quality are included in Table 1 . Data from the audiology service provider survey revealed that the prescriptive approach used to fit the HA was reported to be DSL in all cases except 2 (4 ears), where NAL-NL1 was reported as the prescriptive approach. Those 4 ears were excluded from analyses in which the proximity of the fitting was compared with DSL v.5. Figure 1 displays the RMS error of the fit to DSL prescriptive target obtained for soft and average speech as a function of PTA. On the basis of the criterion that an RMS error less than 5 dB was considered to be an optimal fit to DSL prescriptive targets, 54.2% (n = 97) of the fittings exceeded 5 dB RMS error for fitto-target for the right ear and 55.6% (n = 95) had RMS errors that exceeded 5 dB for the left ear. To evaluate the impact of degree of hearing loss on the proximity of the fitting to prescriptive target, the relationship between PTA and RMS error was evaluated. The correlations between RMS error and PTA were not significant for either ear or input level (right ear average, r = 0.047; p = 0.559; left ear average, r = 0.078; p = 0.782; right ear soft, r = 0.079; p = 0.334; left ear soft, r = 0.039; p = 0.636), suggesting that degree of hearing loss did not predict RMS error. Figure 2 includes the absolute differences between the real-ear aided response for average and soft input levels as a function of frequency for each of the frequencies used to compute RMS error. To determine whether there were significant differences in deviations from target across frequency, a repeated-measures analysis of variance was completed with level (50 and 65 dB) and frequency (500, 1000, 2000, and 4000 Hz) as factors. The main effect of frequency was significant (F [3, 528] = 23.194; p < 0.001; η p 2 = 0.116), suggesting that deviations from prescriptive target were different across frequencies. A post hoc test using Bonferroni adjustment for multiple comparisons suggested that 500 Hz was significantly lower than 4000 Hz (difference = 4.16 dB). None of the other differences were significant after controlling for multiple comparisons. The effect of level and the 2-way interaction between frequency and level were not significant, reflecting that the differences between soft and average input levels were not significant and that the relationship between soft and average input levels did not differ significantly as a function of frequency.
Proximity to Prescriptive Target
Because the HA fittings were compared with the study audiogram, which was not always the same audiogram used to fit the HA, audiometric assessment method and reliability of the study audiogram were analyzed as potential contributors to deviations from prescriptive targets. An analysis of variance was conducted with test method (visual reinforcement audiometry, conditioned play audiometry, or conventional audiometry) and test reliability (good or fair-poor) as between-participants factors. The main effects of test method (F [2,175] = 0.599; p = 0.559; η p 2 = 0.007) and reliability (F [1, 175] = 0.236; p = 0.628; η p 2 = 0.001) and corresponding 2-way interaction between test method and reliability (F [2, 175] = 0.260; p = 0.771; η p 2 = 0.003) were not significant. The lack of significant contribution for assessment factors indicates that the deviation from prescriptive target was not influenced by either the assessment method or reliability. Figure 3 displays the total RMS error for average and soft speech input levels, as well as the RMS errors for each study location. A multivariate analysis of variance was completed to determine whether the RMS error for fit-to-target for right and left ears or soft and average speech input levels were significantly different across study sites.
The combined multivariate effect of site on RMS error was significant (Wilks λ = 0.830; F [8, 326] = 3.974; p < 0.001; η p 2 = 0.089). The corresponding univariate tests of RMS error differed significantly as a function of study location (right ear average input, F [2, 166] = 14.46; p < 0.001; η p 2 = 0.148; left ear average input, F [2, 166] = 13.03; p < 0.001; η p 2 = 0.136; right ear soft input, F [2, 166] = 13.121; p < 0.001; η p 2 = 0.137; left ear soft input, F [2,166] = 11.827; p < 0.001; η p 2 = 0.125). To examine the patterns of significant differences in RMS error across study location while controlling for type I error, Fisher's least significant difference was used to calculate a minimum mean significant difference in RMS error of 2.86 dB. For comparisons of both ears and both input levels, UNC had significantly lower RMS errors on average than the UI and BTNRH across all comparisons. The difference between average RMS errors for UI and BTNRH were not significant after controlling for multiple comparisons.
Given the significant variability across participants in the time between their last clinical audiology visit and the study visit where the fitting was evaluated (range = 0 to 408 days), the relationship between the RMS error and days since the last clinical audiology visit was calculated for a subgroup of 72 participants from all 3 study sites where this information was available. The range and distribution of RMS error for the subgroup (RMS error range = 0.87 to 22.5) was representative of the entire sample (RMS error range = 0.87 to 24.5; Kolmogorov-Smirnov test comparing distribution of RMS error of subgroup to remaining sample, p = 0.135). The correlation between days since the last clinical audiological assessment and the study visit and the RMS error was not significant (r = −0.121; p = 0.363), suggesting that the magnitude of the deviation from prescriptive target was not related to the length of time since the last audiological assessment.
To examine the influence of verification method on the RMS error relative to prescriptive targets, RMS errors were compared based on the verification method reported in the audiology service provider survey. Fittings based on age-related average RECD were compared to fittings based on individually measured RECD. A 1-way analysis of variance was completed with verification method (average versus measured) as the between-participants factor. Results indicated that the difference in RMS error (1.76 dB) between verification methods was significant (F [2, 179] = 3.798; p = 0.024; η p 2 = 0.041) and larger for fittings using an average RECD (7.44 dB; SD = 5.3 dB) than for fittings using an individually measured RECD (5.72 dB; SD = 3.71 dB). To quantify the differences in RMS error , which could have been related to differences in the verification method between the clinical HA visit and study visit, the RMS error for fittings where the same verification method was reported for both the clinical and study visits was compared with the RMS error for fittings where a different verification method was reported in the audiology survey than was used at the study visit. The mean difference in RMS error between participants where the same verification method was used for both visits (5.63 dB; SD = 3.24) and where a different verification method was used between the study visit and clinical visit reported in the audiology service provider survey (5.89 dB; SD = 4.1) was not significant (F [1,118] = 1.23; p = 0.545; η p 2 = 0.005). Figure 4 displays the aided audibility of speech as a function of PTA for average and soft speech input levels and left and right ears.
Aided Speech Audibility
Only 26% of the right ear (n = 47) and left ear (n = 45) fittings had aided audibility below an SII of 0.65, the criterion set for adequate aided audibility. Linear regression assessed the relationship between audibility, RMS error relative to prescriptive target, and PTA while controlling for age. For the right ear, the linear regression model that included age (in months), 3-frequency PTA, and RMS error was significant, accounting for 78.1% of the variance in aided audibility (adjusted R 2 = 0.781; F [3, 150] = 178.727; p < 0.001). Age was not a significant predictor of audibility (p = 0.612), but both PTA (p < 0.001) and RMS error (p < 0.001) were significant. For PTA, there was a significant decrease in audibility as thresholds increased (β = −0.663). Observed RMS errors also had a significant negative impact on aided audibility (β = −0.563). The same model for the left ear data accounted for 76% of the variance in aided audibility (adjusted R 2 = 0.761; F [3, 143] = 156.003; p < 0.001) with the same statistical patterns of contribution for age (p = 0.544), PTA (p < 0.001; β = −681), and RMS error (p < 0.001; β = −0.681).
Pediatric Audiology Provider Survey Data
One hundred twenty-six survey responses were received from 69 audiologists describing pediatric HA fitting experience and practices for the professionals who fit the HAs for children in the present study. Some audiologists who responded to the survey fit multiple participants in the study. This represents a response rate for 64% of participants and 55% of audiologists. By study location, 42 responses were received for the UI participants (representing 22 clinical locations), 41 for the BTNRH participants (representing 14 clinical locations), and 43 for the UNC participants (representing 2 clinical locations). All the providers who responded had graduate degrees in audiology (education: AuD = 44.6%; n = 88; Master's degree = 18.5%; n = 36; other degree = 1%; n = 2). The practice settings were primarily hospital (51.8%; n = 101), followed by private practice (5.6%; n = 11), school system (4.6%; n = 9), university (2.1%; n = 4), and one participant did not report his/her work setting. Most of the service providers reported using either real-ear measures (12.8%; n = 16) or simulated real-ear measurements based on RECD (age-related average RECD, 14.4%; n = 18; individually measured RECD, 59.2%; n = 74) as the method for verifying audibility. The verification method reported for the fitting was the same as the verification method used for the study in 72% of cases. Some respondents indicated that they used aided sound field behavioral thresholds as the verification method for 17 participants (9.1%). Although the limited number of respondents who reported using aided sound field thresholds prevents the comparison of RMS errors across fitting methods statistically, the RMS error of fit-to-target was larger on average for subjects whose fittings were verified using aided sound field (7.92 dB; SD = 4.67 dB) than for participants who received probe microphone measures as verification (5.67 dB; SD = 3.95 dB). All the providers who reported using aided sound field testing as their verification method reported having probe microphone equipment in their clinics. There was no significant relationship between providers' reported years of professional experience and RMS fitting error (r = 0.044; p = 0.653).
DISCUSSION
The purpose of this study was to evaluate the characteristics of HA fittings in infants and young children with mild to severe hearing loss. Whereas previous studies revealed that adherence to prescriptive targets supports positive auditory, speech, and language outcomes (Bagatto et al. 2011 ) and that aided speech audibility predicts vocabulary development (Stiles et al. 2012) and speech recognition (Davidson & Skinner 2006) , few studies have examined the audibility and proximity to prescriptive targets in children. Previous data from a small clinical population of children revealed that only 25% of preschool children were fit to the specified target at 3 or more frequencies and that only half of the children received verification with probe microphone measures (Strauss & van Dijk 2008) . However, the links between the fitting practices of the audiologists in that study and the fitting outcome were not directly reported. The present study evaluated HA fittings of 195 children with mild to severe hearing loss, using the RMS error in dB relative to the prescriptive target and an estimate of aided audibility for each participant. Multiple variables contributed to larger RMS errors and limited audibility. In addition, survey data from audiology service providers supplied supporting information about the expertise and HA verification methods used for 126 children in the study whose audiologists completed the survey.
HA Fitting Characteristics
Overall, most children in the study were fit with HAs with characteristics that met consensus guideline recommendations (American Academy of Audiology 2003; Bagatto et al. 2010) . Specifically, children were fit binaurally (92.3%; 180/195) with behind-the-ear HAs (100%). Children were primarily fit with digital HAs (97.4%; 190/195) with low distortion. Approximately 25% of participants reported using FM systems in conjunction with HAs, which is reasonable for a cohort of infants and young children. Children who used FM systems in conjunction with HA were significantly older (mean = 51.96 months; SD = 16.3 months) than children who did not use FM systems (mean = 36.6 months; SD = 20.2 months), reflecting more frequent use of FM systems as children enter the age range for preschool.
The proximity of pediatric HA fittings to prescriptive targets was 6.6 dB on average across all fittings. This value exceeded the 5 dB criterion set forth in previous adult studies of proximity related to prescriptive target (Byrne & Cotton 1988; Cox & Alexander 1990; Baumfield & Dillon 2001; Polonenko et al. 2010) . The present cohort of HA fittings also deviated from prescriptive target to a greater degree than that in published reports evaluating the relationship between prescriptive approaches and developmental outcomes in children (Ching et al. 2012) . For children with mild to severe hearing loss, fitting the HA within 5 dB of prescriptive targets represents a reasonable and achievable standard if appropriate verification methods are used. Approximately 60% of the children in the study had at least 1 HA that exceeded 5 dB RMS error and 55% exceeded 5 dB RMS error in both ears. Age and degree of hearing loss were not significant predictors of deviation from target, which ran counter to the hypotheses of the present study. Age was anticipated to be a significant predictor of fitting error due to normal agerelated variability observed in behavioral thresholds, as well as the changes in ear-canal acoustics that occur during early childhood and are related to growth (Bagatto et al. 2005) . The lack of contribution from degree of hearing loss is likely related to the fact that most of the children in the study had mild to moderate hearing loss, which would not be expected to limit the ability to match targets for the frequency range of targets evaluated in this study (500 to 4000 Hz). Contrary to previous results suggesting limited audibility at 4000 Hz, the present study found the largest deviations from prescriptive target at 500 Hz. Children with greater degrees of loss may experience limited aided audibility or significant deviations from prescriptive targets related to gain or bandwidth limitations of the HA. Such limitations may have contributed to deviations from prescriptive targets reported in previous studies that included children with moderate to profound hearing losses (Strauss & van Dijk 2008) .
A potential limitation of the design of the present study was related to the audiogram used to evaluate each child's HA fitting. Fittings in the present study were compared with prescriptive targets based on the audiogram collected on the day of the study visit. The thresholds obtained at that visit may have differed from the audiogram on which the child's local audiologist based the most recent HA fitting. Differences in thresholds obtained between the 2 tests could have been due to actual changes in thresholds (temporary or permanent), or test reliability due to either child or tester variables. However, there was no relationship between the length of time since the child's last audiological evaluation with their service provider and the size of the deviation from prescriptive target, despite the fact that some participants had not been evaluated by their audiologist in more than a year. In addition, there was no difference in the proximity to prescriptive target between children whose audiologists reported using a different verification method at the fitting than was used to evaluate the fitting at the study visit.
The verification method reported by the child's audiologist was found to predict variability in both the fit-to-prescriptive target and aided audibility. The verification method used to fit the HA was the same used to evaluate the fit for the study in 72% of cases. While the incorporation of RECD into the HA fitting is expected to minimize variability in fitting related to growth, approximately 35% of children required the application of an age-related average RECD at the time of their study visit, which is less likely than a measured RECD to account for the variability on an individual basis. The child's degree of hearing loss was predicted to contribute to RMS error in fitto-prescriptive targets, particularly for listeners with the greatest degrees of hearing loss, where limitations of amplification or loudness discomfort may limit the ability to match targets. This was not observed, likely due to the range of hearing losses included in the study, which were primarily mild to moderate. Therefore, the ability to provide audibility and accurately match prescriptive targets was not as likely to be limited by the listener's dynamic range or the HA characteristics, as in previous studies with children who have greater degrees of hearing loss (Davidson & Skinner 2006) .
Site and verification method reported in the audiology service provider survey, however, were both significant predictors of the RMS error. Participants recruited at UNC had significantly smaller fitting errors than participants recruited from the UI or BTNRH. This finding is likely related to the fact that the majority of the children recruited at UNC received their HAs through the UNC clinic, whereas the children recruited at UI and BTNRH received their HAs from a larger number of audiology practices throughout the catchment areas. Another potential contributor to differences across site could be related to differences in the availability of HA funding and other resources. Although all 3 states where most of the participants reside have relatively strong funding opportunities for HAs, differences in the ability to replace HAs in the case of progressive losses may have influenced the differences in fittings across study sites. Smaller errors at UNC may also reflect a more consistent approach between the methods used by the clinical audiologists and those used to assess fitting quality in the study. The verification method reported by the fitting audiologist also resulted in a small, but significant difference (1.7 dB) in RMS error. The use of an age-related average RECD resulted in larger deviations from prescriptive target than fittings where the RECD was measured individually. Although this finding is congruent with previous reports that measured RECD is more accurate on an individual basis than an age-related average RECD is (Bagatto et al. 2010 ), whether the average or measured RECD is used clinically is often dependent on the child's age and cooperation. The reduction in RMS error for the measured RECD supports published recommendations, which suggest that RECD should be measured whenever possible and an age-related average can be used when measurement of RECD is not feasible due to the child's cooperation or other factors (Bagatto et al. 2010; King 2010) .
The other primary outcome of the present study other than proximity to prescriptive targets was the audibility of speech for average and soft input levels. Most of the children in the study had aided audibility that exceeded the 0.65 aided SII criterion that was set for adequate audibility. This criterion was based on research by Stiles et al. (2012) on the impact of aided audibility on vocabulary development and the normative SII by degree of hearing loss data from Bagatto et al. (2011) . Approximately 26% of study participants had aided audibility of less than 0.65 in at least 1 ear. In the present study, children with the greatest degrees of hearing loss or largest deviations from prescriptive targets had the poorest audibility. Data reported by Sininger et al. (2010) highlight the relationship between audibility and degree of hearing loss for fittings matched closely to DSL targets using a consistent fitting methodology. However, the variability in aided audibility in the present sample is much greater than what was reported by Sininger et al., even for children with mild and moderate degrees of hearing loss. This discrepancy is likely related to the fact that the participants in Sininger et al. study received HA verification at the same location by audiologists affiliated with the study. This would make the cohort from Sininger et al. study more similar to the cohort of children from UNC in the present study, who showed significantly less variability in fitting than children enrolled at UI and BTNRH. The deviation of the fitting from prescriptive target was also a significant predictor of aided audibility, even when controlling for the influence of degree of hearing loss. Specifically, large deviations were related to significant decreases in audibility when controlling for degree of hearing loss. While many participants with fitting errors greater than 5 dB achieved aided audibility similar to their peers with the same degree of hearing loss and smaller fitting errors, the contribution of deviations from prescriptive targets was nearly as large as the contribution of degree of hearing loss. In addition, fitting errors had a much more substantial impact on audibility for children with greater degrees of hearing loss, who are prescribed less audibility than their peers with lesser degrees of hearing loss.
Pediatric Audiologist Survey Data
The present study also sought to explore the relationships between the experience, verification methods and practice setting of service providers and fitting outcomes in children. While a wide range of factors could potentially influence the variability of HA fitting outcomes in children, factors specific to professional practices are important contributors that could be improved through training and education. Each audiologist's responses from the survey were linked to the specific child-fitting outcomes in the study to allow for a direct comparison of reported fitting practices and outcomes. All but a limited number of practitioners who responded to the provider survey reported following current guidelines for pediatric amplification (AAA 2003; Bagatto et al. 2010; King 2010) . The vast majority of service providers reported using the DSL prescriptive method (98%; 123/125), while the remaining 2 service providers reported using NAL-NL1. Recent studies suggested that although there are differences between DSL v. 4 and NAL-NL1 in both gain and output, speech-recognition and audibility outcomes are similar between the 2 prescriptions (Ching et al. , 2012 Scollie et al. 2010) . Comparisons are further complicated by the fact that updated versions of each algorithm (DSL v.5 and NAL-NL1 fitting procedure) have been developed and are used clinically by pediatric audiologists.
Despites these developments, Crukley and Scollie (2012) reported similar speech-recognition outcomes for DSL v.5 as were reported for DSL 4.1 in quiet. This trend reflects the fact that changes to pediatric prescriptive formulae are based on evidence and would not be likely to result in significant changes in audibility or speech understanding.
Approximately 86% of the audiologists who responded to the survey reported that they used either real-ear or simulated real-ear measurements based on RECD as their primary method of verification, consistent with current recommendations (Bagatto et al. 2010; King 2010) . The remaining 9% reported using aided sound field behavioral thresholds as the primary method of verification for pediatric HA fitting. All the audiologists who reported using aided behavioral thresholds as a verification method reported having access to probe microphone equipment in their clinic, suggesting that access to verification equipment was not a factor in their decision not to use probe microphone measures. The relatively small number of respondents who used aided sound field thresholds as verification prevents statistical comparisons of RMS error to participants who were fit using probe microphone methods. However, the average error in fitto-target was larger for children who were verified behaviorally (7.9 dB; range = 4 to 21.5 dB) than for children who reportedly received objective probe microphone verification (5.6 dB; range = 0.87 to 12 dB). There was no significant relationship between years of professional experience and the size of the deviation from prescriptive target, suggesting that professional experience was not a factor in the deviations from prescriptive target observed in the present study.
Despite the widespread reported use of DSL and probe microphone measures by audiologists who fit HAs for the children in the present study, a wide range of variability in the proximity of the fitting to the prescriptive target was observed, particularly for participants recruited at the UI and BTNRH sites. The variability in fit-to-target despite the reported application of recommended pediatric procedures highlights challenges in the consistent implementation of clinical protocols. Specifically, audiologists in the present study reported using recommended verification methods, but did not always achieve optimal fittings related to their stated prescriptive goal. However, the survey did not ask service providers which circumstances might have prevented fitting closer to prescriptive target. Further research of clinical practices of pediatric audiologists would be needed to determine why the fitting errors were so large despite the reported use of published pediatric protocols. Survey respondents may have reported what they knew to be recommended practices and protocols, rather than the methods that they actually used clinically. Furthermore, pediatric audiologists may have had to adjust the HA fitting away from prescriptive targets to minimize the occurrence of feedback or because of the audiometric configuration. Practitioners must use the information obtained during HA verification to optimize the fitting as part of an ongoing assessment process to achieve a consistent HA fitting outcome.
Limitations and Directions for Future Research
While the present study was 1 of the first to evaluate the audibility of HA fittings in a large population of children with mild to severe hearing loss, there are several important limitations that must be considered when evaluating the results of this study and their implications for clinical practice. The average time interval between the child's clinical HA evaluation and study visit was less than 6 months, but varied significantly across participants. There was no significant relationship between the length of time between the clinical and study visits and the deviation from prescriptive target for a subset of the children in the study. Nonetheless, the potential for changes in audiometric thresholds between the HA fitting and study visit leaves the potential for errors that were related to progression or fluctuation of hearing loss in some cases.
The 5 dB RMS error criterion for proximity to prescriptive targets has been used in previous studies and is an attainable standard for most children with mild to severe hearing loss. However, validation studies have revealed similar speech-recognition outcomes ) between the NAL-NL1 and DSL 4.1 fitting prescriptions, despite the fact that NAL-NL1 prescribes less gain than DSL on average. A comparison of NAL and DSL fitting outcomes was not within the scope of the present study, as all but 2 children were fit to DSL. Deviations from prescriptive target were associated with reductions in audibility, even when controlling for degree of hearing loss. Further longitudinal investigation of the children in this cohort will allow estimation of the impact of deviations from prescriptive target on aided audibility and developmental outcomes.
It should be noted that the group of children in this study is likely to be different than the general population of children with mild to severe hearing loss in the United States. Many children with hearing loss are not served by centers that specialize in pediatric amplification, as was the case for nearly one third of the participants; as a result, the present study may overestimate audibility and underestimate the deviations from prescriptive targets of HA fittings among children with hearing loss in the general population. Although most of the verification measures used to document the HA fitting quality incorporated individually measured RECDs, a large proportion of children received verification based on age-related average RECD measures. The proximity of fittings to prescriptive targets may have been different if a larger proportion of the verification in the present study were based on measured RECDs.
CONCLUSION
The present study evaluated the HA fittings of 195 children with hearing loss. Fitting proximity as measured by RMS error in fit-to-target was not related to the child's age, assessment method, assessment reliability, or PTA. The study location and verification method were both significant predictors of RMS error in fit-to-target, with larger errors being associated with study locations where participants were recruited from a wide range of clinical locations outside of the study (UI and BTNRH). The aided audibility for 74% of the participants was found to be greater than 0.65 aided SII, but PTA and RMS error in fit-to-target were both found to be significant predictors of audibility, with limited audibility associated with higher PTA and larger RMS errors. HA fittings that were reported in survey data to have been verified using the child's measured RECD or in situ probe microphone measures had smaller deviations from prescriptive target than fittings reported as verified using an average RECD or functional gain. Although 86% of the pediatrics audiologists who fit children in the study reported using methods recommended by published pediatric verification guidelines, significant deviations from prescriptive target were still persistent in some cases. Further emphasis and training on expected audibility outcomes for children who wear HAs will help clinicians to identify the impact of deviations from prescriptive target on speech audibility.
